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Specification 



/l* 



!• Title of the Invention: METHOD FOR MANUFACTURING CERAMIC 

MULTILAYER LAMINATE 

2 . Claims 

1. A method for manufacturing a ceramic multilayer 
characterized by the fact that in manufacturing a ceramic multilayer 
laminate by laminating a ceramic green sheet and baking it, a surface 
layer in which an inorganic component is the same as or similar to 
that of the ceramic green sheet and a resin component is different 
from that of the ceramic green sheet; through holes are formed; a 
conductive paste is filled into the through holes or a conductive 
paste is spread on the inner wall; the ceramic green sheet or the 
electroconductive paste of the above-mentioned surface layer is 
spread; and several pieces of ceramic green sheets are laminated and 
baked. 

2. The method for manufacturing a ceramic multilayer of Claim 
1 characterized by the fact that the resin component of the surface 
layer of the above-mentioned ceramic green sheet is a resin with a 
softening point lower than that of the resin component of the ceramic 
green sheet. 

•Numbers in the margin indicate pagination in the foreign text. 
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3. The method for manufacturing a ceramic multilayer of Claim 
1 or 2 characterized by the fact that the resin component of the 
above-mentioned ceramic green sheet is soluble in water; and the 
resin component of the above-mentioned surface layer is insoluble in 
water. 

3 - Detailed explanation of the invention 
(Industrial application field) 

the present invention pertains to a method for manufacturing a 
ceramic multilayer laminate being constituted by laminating and 
baking several pieces of ceramic green sheets. The ceramic 
multilayer laminate is used as a high-density wiring substrate such 
as multilayer wiring substrate. 
(Prior art) 

As a conventional method for manufacturing a multilayer wiring 
substrate or a semiconductor package being used in a high-density 
wiring substrate, a method that molds ceramic green sheets composed 
of alumina, beryllia, etc., by a slip casting method in a doctor 
blade method, cuts them into a prescribed 

size, forms through holes, forms a necessary pattern on the main 12 
surface of the through holes and the ceramic green sheets by a 
metallized paste composed of a metal with a high melting point such 
as Mo or W, heats the ceramic green sheets on which the conductive 
pattern is applied in this manner at about 100°C, for instance, 
laminates them at a pressure of about 400 kg/cm 2 by a hot press, 
integrates the ceramic green sheets, bakes it in a reducing 



atmosphere such as hydrogen furnace, and applies a Ni plating or Au 
plating to the conductive pattern of the ceramic surface is broadly 
known. 

(Problems to be solved by the invention) 

However, in the lamination process of the ceramic green sheet, 
a gap is easily formed between the conductive patterns being 
interposed between each layer, and it is necessary to raise the 
pressure or temperature to adhere them favorably. However, if the 
pressure or temperature is excessive, the ceramic green sheet is 
deformed. 

For this reason, it was necessary to consider the amount being 
deformed and the gap between the green sheets during the hot press, 
and in case a high size precision was required and the amount being 
deformed was reduced in high-density wiring substrate, semiconductor 
package, etc., cavities were easily formed. 

Also, if the ceramic green sheet is soluble in water, since the 
hardness of the ceramic green .sheet is changed by the temperature, 
the green sheet is hardened in advance to reduce the influence due to 
the temperature, cavities are easily generated. between the conductive 
patterns, so that the lamination is difficult. For this reason, due 
to scattering of the temperature at the processing timing, it was 
necessary to change the temperature and pressure conditions. 
Furthermore, in the water-soluble green sheet, since the green sheet 
surface is easily adsorbed to water and repels the water-insoluble 
electroconductive paste being printed on it, pinholes are easily 
formed in the paste during baking. 



The purpose of the present invention is provide a method for 
manufacturing a ceramic multilayer laminate that can laminate each 
layer without generating cavities between the layers during 
laminating and laminates them by a hot press under fixed conditions 
without deforming sheets. 
(Means to solve the problems) 

In the method for manufacturing a ceramic multilayer of the 
present invention, a surface layer in which an inorganic component is 
the same as or similar to that of the ceramic green sheet and a resin 
component is different from that of the ceramic green sheet, through 
holes are formed, a conductive paste is filled into the through holes 
or a conductive paste is spread on the inner wall, the ceramic green 
sheet or the electroconductive paste of the above-mentioned surface 
layer is spread, and several pieces of ceramic green sheets are 
laminated and baked. Preferably, the resin component of the surface 
layer of the above-mentioned ceramic green sheet is a resin with a 
softening point lower than that of the resin component of the ceramic 
green sheet and is insoluble in water. 
(Operation) 

According to the present invention, since the resin component 
of the surface layer on the ceramic green sheet has a softening point 
lower than that of the resin component of the ceramic green sheet, 
when the ceramic green sheet is laminated by the hot press, the 
pressure is applied while heating at the softening point or lower of 
the surface layer, so that the surface layer is softened. The 
surface layer softened elastically covers the conductive pattern 
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printed on the ceramic green sheet or surface layer and is closely 
adhered to the conductive pattern. 

Also, if the surface layer is spread after punching the through 
holes of the ceramic green sheet, a via hole is formed for conduction 
while avoiding the through holes, so that the lamination is easily 
peeled off at the part avoided. However, according to the present 
invention, the surface layer is formed, and the through holes are 
formed, so that the surface layer exists on the entire part except 
for the through hole part and no lamination is peeled off. Also, the 
via hole is not likely to be blocked when printing, and the 
conduction is stably obtained. 

Also, in case the resin component of the ceramic green sheet is 
soluble in water, the wettability with the metallized base is 
improved by making the surface layer insoluble in water, that is, the 
adhesion of the metallized paste is improved. 

(Application examples) y 3 

Next, an application example of the present invention is 
explained based on the figures. 

The cross sections shown in Figures 1 and 2 show the 
manufacturing processes of a ceramic green sheet with a multilayer 
structure being used in the present invention. . Next, the 
manufacturing processes are explained in the sequence. 

As shown in Figure 1(a), a ceramic green sheet 1 mainly 
composed of alumina,, beryllia, etc., is prepared by a well-known 
doctor blade method, cut into a necessary size, and formed. The 
ceramic green sheet 1 is made soluble in water or insoluble in water 



by an organic solvent or organic binder being mixed with the ceramic 
component . 

In the ceramic green sheet, as shown in Figure 1(b), a surface 
layer 2 with a different resin component is installed by a reverse 
coaster method, for instance. The surface layer 2 is formed of a 
water-insoluble resin with a strong adhesive strength being softened 
at a heating temperature or lower during laminating by a hot press, 
for instance. 

Next, if necessary, in a multilayer structure, in this example, 
through holes 3 are installed as shown in Figure 1(c) in the ceramic 
green sheet 1, and an electroconductive paste 4 mainly composed of a 
metal with a high melting point such as molybdenum or tungsten, that 
is, a metal with a melting point higher than the baking temperature 
of the ceramic green sheet and a low electric resistance is filled 
into the through holes 3 as shown in Figure 1(d). 

At that time, it is important to install the through holes 
after forming the surface layer, and otherwise, since a conduction 
problem is caused, a via hole must be formed while avoiding the 
through holes in the surface layer. However, if the via hole is 
formed, adhesion inferiorities or conduction inferiorities are easily 
caused in the concave part of the via part, or conduction 
inferiorities are easily caused by the shift of the via hole position 
or via hole disappearance. 

Also, in order to form the via hole, the method for forming the 
surface layer is limited to screen printing, etc., so that the number 
of process is increased, thereby raising the cost. 



Furthermore, in the vicinity of each opening part of the 
through holes 3, as shown in Figure 1(e), an electroconductive paste 
5 composed of the above-mentioned metal with a high melting point is 
formed. by screen printing, for instance. The electroconductive paste 
5 screen-printed and the electroconductive paste 4 filled into the 
above-mentioned through holes 3 are electrically connected. 

In the ceramic green sheet 1 with a multilayer structure formed 
in this manner, the thickness of the surface layer 2 becomes an 
appropriate thickness in accordance with the thickness of the 
electroconductive paste 5, and for example, the surface layer 2 has a 
thickness of about 10-30 p for the electroconductive paste 5 with a 
thickness of 20 u. However, if the thickness of the surface layer 2 
is excessive, a baking warp is caused, and if the thickness is too 
small, cavities are generated between the surface layer and the 
electroconductive paste 5. Also, the surface layer 2 is installed 
only on one surface on which the ceramic green sheet 1 is laminated, 
however it is necessary to install the surface layer on both surfaces 
in accordance with the properties of the ceramic green sheet 1. For 
example, if the ceramic green sheet 1 is soluble in water, since the 
adhesion of the ceramic green sheet 1 and the electroconductive paste 
5 is poor, it is appropriate to install the water-insoluble surface 
layer 2 between the ceramic green sheet 1 and the electroconductive 
paste 5 to improve the adhesion of the water-insoluble 
electroconductive paste 5. 

For example, three pieces of ceramic green sheets 1 formed in 
this manner are hot-pressed under prescribed temperature and pressure 



conditions and becomes an integrated laminate as shown in Figures 
2(a) and (b) * During the hot-pressing, the surface layer 2 is 
softened by being heated at the softening point or higher, and the 
surface layer 2 softened elastically covers the electroconductive 
paste 5 between the surface layer 2 and the ceramic green sheet 1 and 
is penetrated into the gap of the electroconductive paste 5, so that 
no projection and recession state is set between each ceramic green 
sheet 1, thereby adhering each ceramic green sheet 1. For this 
reason, at least one layer of adhesive surface layer 2 is interposed 
between each ceramic green sheet 1 and acts as an adhesive, and the 
adhesion between the ceramic green sheets is improved, so that the 
pressure being applied can be lowered and the temperature can also be 
lowered. 

Next, the integrated ceramic multilayer laminate, as shown /4 
in Figure 2(c), is baked in a reducing atmosphere, so that a sintered 
body is obtained. At that time, when no baking is applied, if the 
ceramic multilayer laminate is adhered and no gap exists between each 
layer, it is baked in a body, so that adhesion inferiorities and 
peeling-off are not caused. 

The ceramic multilayer laminate baked is finally subjected to a 
Ni plating and^ an Au plating, so that a ceramic multilayer wiring 
substance is formed. 

Next, actual manufacture examples are mentioned below. 
Application Example 1 

First, a ceramic component at 100 parts by weight in which 90 
wt% alumina was mixed with 10 wt% additive such as silica and 
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magnesia, 5.5 parts polyvinyl butyral being softened at about 120 °C, 
and 2 parts dibutyl phthalate or dioctyl phthalate were mixed by an 
organic solvent such as toluene and isopropyl alcohol, so that a 
slurry of 8,000 cps was obtained. Then, a ceramic green sheet with a 
thickness of 0.6 mm was formed by a doctor blade method, and a slurry 
of 5,000 cps was obtained by mixing 100 parts of the above-mentioned 
ceramic component with 15 parts polyvinyl butyral being softened at 
about 60 °C and an organic solvent. Then, a surface layer with a 
thickness of about 20 u was formed on one surface of the ceramic 
green sheet by a reverse coaster method. 

Next, through holes were formed in it by a through hole punch, 
and an electroconductive paste mainly composed of molybdenum was 
filled into the through holes. Then, an electroconductive paste 
mainly composed of tungsten was pattern-formed by a screen printing, 
and several layers of the above-mentioned ceramic green sheet were 
superposed with each other and pressed at a temperature of 80°C and a 
pressure of 20 kg/cm 2 for 1 min. At that time, a complete multilayer 
laminate was formed, and no cavity was seen between the 
electroconductive patterns and in the other parts. Also, stretching 
of the green sheet was not recognized. 

Then, it was held at 1,570°C for 2 h in a reducing atmosphere 
(for example, hydrogen furnace), and an alumina ceramic as an 
insulator and W or Mo as a conductor were simultaneously baked, so 
that a multilayer laminate with an integrated structure was obtained. 
Next, the metal part exposed from the multilayer laminate baked was 
Ni-plated and Au-plated, so that a ceramic multilayer wiring 
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substrate to which a wire bonding or soldering with a semiconductor 
chip or brazing with an external connecting terminal was possible was 
formed. 

In this application example, since both the ceramic green sheet 
and the surface layer are insoluble in water, even if the 
electroconductive paste is spread on the above-mentioned two layers, 
the adhesion of the paste is good, and pinholes are difficult to be 
formed. 

Application Example 2 

A ceramic component at 100 parts by weight similar to the 
component of the above-mentioned application example and 6 parts 
methyl cellulose being softened at about 150°C were mixed by water, 
so that a slurry of 30,000 cps was obtained. Then, a ceramic green 
sheet with a thickness of 0.6 mm was formed by a doctor blade method, 
and 100 parts of the above-mentioned ceramic component, the amount of 
Table I of polyvinyl butyryl being softened at about 60 °C on the 
surface being laminated as a resin component, and 7 parts polyvinyl 
butyral being softened at 120 °C on the surface being not laminated 
were mixed with an organic solvent, so that a slurry of 5,000 cps was 
obtained. Then, a surface layer with a thickness of about 15 p was 
formed on both surfaces of the ceramic green sheet by a reverse 
coaster method. 
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Table I: Relationship between the amount of resin and the 
lamination characteristic 
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1. Amount of resin (parts) 

2. Lamination characteristic 



Next, through holes were formed in it by a through hole punch, 
and an electroconductive paste mainly composed of molybdenum was 
filled into the through holes. Then, an electroconductive paste 
mainly composed of tungsten was pattern-formed by a screen printing, 
and several layers of the above-mentioned ceramic green sheet were 
superposed, with each other and pressed at a temperature of 80°C and a 
pressure of 20 kg/cm 2 for 2 min. At that- time, at an amount of 13 
parts or more resin, the upper and lower conductive pastes were 
completely connected by 

the through holes, so that a multilayer laminate was formed. At /5 
that time, the lamination characteristic is shown in Table I. Also, 
stretching of the green sheet was not recognized. 
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Then, similarly to the above-mentioned application example, it 
was baked in a reducing atmosphere, so that a ceramic multilayer 
laminate with an integrated structure was obtained. 
The metal part exposed from the ceramic multilayer laminate was Ni- 
plated and Au-plated, so that a ceramic multilayer wiring substrate 
was formed. 

In this application example, the ceramic green sheet has a 
sandwich structure sandwiched by two surface layers, and since the 
ceramic green sheet is a water-soluble resin, the adhesion of the 
electroconductive paste is improved by installing a water-insoluble 
surface layer on the water-soluble ceramic green sheet. Thus, the 
generation of pinholes after printing is prevented, and the stability 
against the change of an ambient temperature is increased. Also, 
since the surface layers are installed on both surfaces of the 
ceramic green sheet, two surface layers are interposed between these 
ceramic green sheets and cover the electroconductive paste when 
laminating. Thus, the thickness of the surface layer as much as the 
above-mentioned Application Example 1 is not required. 

The present invention is not limited to only the above- 
mentioned application example, but can be variously modified and 
changed. 

(Effects of the invention) 

As seen from the above detailed explanation, according to the 
present invention, with the installation of the adhesive surface 
layer on the ceramic green sheet, the laminating process is 
simplified, and the heating temperature and the pressurizing pressure 
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can be reduced, compared with conventional methods. Thus, the 
ceramic green sheet is not deformed. Furthermore, with the adoption 
of the water-insoluble surface layer, it can be closely laminated 
without generating pinholes in the conductive pattern. Also, it can 
be laminated under almost constant conditions, regardless of the 
humidity change in accordance with seasons. 

4 . Brief description of the figures 

Figures 1(a) -(e) are cross sections respectively showing the 
processes for forming the ceramic green sheet of the present 
invention. 

Figures 2 (A) -(C) are cross sections respectively showing the 
processes for laminating the ceramic green sheets of the present 
invention. 

1 Ceramic green sheet 

2 Surface layer 

3 Through hole 

4, 5 Electroconductive pastes 
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Figure 1 

1 Ceramic green sheet 

2 Surface layer 

3 Through hole 

4 Electroconductive paste 

5 Electroconductive paste 
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